and has been shown to be bactericidal against a wide range of antibiotic-resistant bacteria (Barber & Waterworth, 1966) .
In 1967 a new semisynthetic penicillin, carbenicillin was described (Knudsen, Rolinson & Sutherland, 1967) which had greater activity against Ps. aeruginosa and the resistant strains of Proteus than previous penicillin compounds (Brumfitt, Percival & Leigh, 1967) .
In this paper the result of treating sixty-six infections in thirty-four patients with these two antibiotics before and after the transplantation of cadaver kidneys is reported. All patients were difficult chemotherapeutic problems as the majority had suffered from recurrent infections and had severe underlying abnormalities and many were on immunosuppressive therapy. The 
patients
The details of the patients treated with gentamicin and carbenicillin are shown in Table 1 . The patients were selected because they had infections due to Gram-negative bacilli which either showed multiple resistance to antibiotics or had failed to respond to previous antibiotic therapy. No The sites of the sixty-six infections and the causative organisms are shown in Table 2 . The majority of infections were of the urinary tract or the peritoneal cavity following dialysis and the most common organism was Ps. aeruginosa. Nine infections, five treated with gentamicin and four with carbenicillin were complicated by bacteraemia. In six cases the primary site of infection was the urinary tract, and in three cases it was the peritoneal cavity. 
Laboratory methods
All specimens were examined immediately on arrival at the laboratory or were stored at 4°C until examination was possible.
Urines were examined by quantitative bacterial counting using the blotting-paper strip method (Leigh & Williams, 1964) (Table 3) . Proteus strains were the organisms most sensitive to carbenicillin, 61 % being inhibited by less than 12-5 ,ug/ml, and 97% by 25 ,ig/ml. Strains of Esch. coli were less sensitive, only 33 % being inhibited by less than 12-5 gg/ml; 77% of strains, however, were sensitive to 25 ,tg/ml. Ps. aeruginosa strains were more resistant, only 33 % being inhibited by 25 ,tg/ml but 80% were sensitive to 100 ,ig/ml. All the strains of Klebsiella were resistant but the strains of Acineto- bacter and Alkaligenes were sensitive to 25 [Jg/ml (Table 4) .
The bactericidal concentration of gentamicin was usually only twice as great as the inhibitory concentration but with carbenicillin it was more variable and was sometimes as great as eight times the inhibitory concentration.
Serum and urine levels
The serum levels of gentamicin when measured were generally greater than the MIC of the infecting organism and no failure of treatment was obviously associated with a poor serum concentration. Urine levels were usually high even where the renal function was poor and were frequently fifty times greater than the MIC of the infecting organism. Diffusion of gentamicin across the peritoneal membrane was measured in four patients and considerable variation was found. Serum concentrations of between 3 and 14 ,ug/ml were found 4-6 hr after dialysis with a concentration of 25 tig/ml. Serum levels of carbenicillin were often high in patients with poor renal function after transplantation and concentrations of between 100 and 200 tig/ml were seen. Urine levels were usually between 500 and 2000 ,ug/ml. Diffusion of carbenicillin across the peritoneal membrane was not measured.
Treatment
The results of treating urinary tract infections with gentamicin and carbenicillin are shown in Table 5 . The overall cure-rates were similar with both antibiotics, being 53 and 54%, respectively. The end-result of treatment, however, was disappointing, as of the ten cures with gentamicin 7 (70%) became reinfected with a different organism after stopping treatment. The reinfection rate with carbenicillin treatment was 50 %.
In peritoneal and tissue infections there was little difference in the overall cure rates with the two antibiotics (Table 6 ). Laboratory tests with gentamicin showed that over 90% of Gram-negative bacilli isolated from renal transplant patients were sensitive to 5 Vtg/ml (Table 3) and this finding confirms the reports of other workers (Bulger, Sidell & Kirby, 1963; Barber & Waterworth, 1966; Jones & Lowbury, 1967; Jackson, 1967) .
Few studies have reported the sensitivity of Gramnegative bacilli to carbenicillin. In this study strains of Proteus were the most sensitive organisms, 97 % being inhibited by 25 ,ug/ml (Table 4) . Strains of Ps. aeruginosa were more resistant but 80% were inhibited by 100 ,tg/ml. These results agree with those reported by Brumfitt et al. (1967) and Jones & Lowbury (1967) but not with Knudsen et al. (1967) who found that 88 % of clinical isolates were sensitive to 50 jig/ml.
The results of sensitivity tests on Gram-negative bacilli causing infections in renal-transplant patients show that these are not a special group of highly resistant organisms but are the common organisms in the community. Under certain circumstances, however, sensitive organisms, e.g. Acinetobacter species and Alkaligenes species which rarely cause infection in the general population, can establish themselves in these highly susceptible patients.
Although acquired resistance to gentamicin has been found in vitro (Barber & Waterworth, 1966) and in vivo (Darrell & Waterworth, 1967; Jones & Lowbury, 1967) (Table 5) .
Although a cure rate of over 70% was achieved in all simple infections, the presence of an underlying abnormality was associated with a considerable reduction in this rate (Table 7) .
In this study only one case of acute toxicity to gentamicin was seen but many patients died soon after stopping therapy and so the true incidence of toxicity could not be assessed. The use of gentamicin and carbenicillin in infections in patients who have had cadaver renal transplantation has undoubtedly improved the chance of cure but complete success will ultimately depend on the accessibility of the primary focus of infection and the severity of the underlying abnormality.
